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Abstract

Background Gastroparesis is difficult to treat and many
patients do not report relief of symptoms with medical
therapy alone. Several operative approaches have been
described. This study shows the results of our selective
surgical approach for patients with gastroparesis.
Materials and methods This is a retrospective study of
prospective data from our electronic medical record and
data symptom sheet. All patients had a pre-operative gas-
tric emptying study showing gastroparesis, an esopha-
gogastroduodenoscopy, and either a CT or an upper GI
series with small bowel follow-through. All patients had
pre- and post-operative symptom sheets where seven
symptoms were scored for severity and frequency on a
scale of 0—4. The scores were analyzed by a professional
statistician using paired sample ¢ test.

Results 58 patients met inclusion criteria. 33 had gastric
stimulator (GES), 7 pyloroplasty (PP), 16 with both gastric
stimulator and pyloroplasty (GSP), and 2 sleeve gastrec-
tomy. For patients in the GSP group, the second procedure
was performed if there was inadequate improvement with
the first procedure. There was no mortality. The follow-up
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period was 6-316 weeks (mean 66.107, SD 69.42). GES
significantly improved frequency and severity for all
symptoms except frequency of bloating and postprandial
fullness. PP significantly improved nausea and vomiting
severity, frequency of nausea, and early satiety. Symptom
improvement for GSP was measured from after the first to
after the second procedure. GSP significantly improved all
but vomiting severity and frequency of early satiety,
postprandial fullness, and epigastric pain.

Conclusion All procedures significantly improved symp-
toms, although numbers are small in the PP group. GES
demonstrates more improvement than PP, and if PP or GES
does not adequately improve symptoms GSP is appropri-
ate. In our practice, gastrectomy was reserved as a last
resort.

Keywords Gastroparesis - Pyloroplasty - Gastric
stimulator - Gastric motility - Diabetic gastroparesis -
Idiopathic gastroparesis

Gastroparesis is a syndrome in which there is delayed
gastric emptying in the absence of a mechanical obstruc-
tion. The symptoms include nausea, vomiting, bloating,
early satiety, and upper abdominal pain [1]. The incidence
of gastroparesis as seen in a large population-based study is
2.4 per 100,000 person-years for men and 9.8 per 100,000
person-years for women, and the prevalence as seen in the
same study is 9.6 per 100,000 persons for men and 38 per
100,000 persons for women [2]. The most commonly cited
causes for gastroparesis include idiopathic (36%), diabetic
(29%), or post-surgical (13%). Rare causes can include
medication induced, infiltrative processes such as sclero-
derma or amyloidosis, spinal cord injury, or central ner-
vous system disorder [3].
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Primary treatment for gastroparesis is dietary modifi-
cation by limiting foods that are fatty, acidic, spicy, or non-
digestible fiber, as well as optimization of glycemic control
[4]. For failed conservative treatment, medical treatment
consists mainly of antiemetics, gastric motility agents, and
antacids [5]. Surgery is considered for patients failing
medical treatment and includes gastric tubes for venting,
jejunal tubes for feeding, pyloroplasty, gastric stimulator
placement, and various types of gastrectomy [6].

Gastric electrical stimulation has shown significant
success. In a study in which 19 gastric stimulation devices
were placed laparoscopically, vomiting frequency
decreased in 75% of patients with gastroparesis secondary
to diabetes mellitus, and 100% of patients with idiopathic
gastroparesis [7]. Laparoscopic pyloroplasty has also pro-
ven effective. A study of 26 patients undergoing Heineke-
Mikulicz pyloroplasty resulted in prokinetic use decreasing
from 89 to 14% of patients, as well as significant
improvements in nausea, vomiting, bloating, and GERD
symptoms, with 83% of patients indicating improvement at
I-month follow-up [8]. Subtotal or total gastrectomy is
often reserved for the cases that are refractory to all other
options. This appears to work best for patients who have
post-surgical gastroparesis; however, completion gastrec-
tomy demonstrated success in only 43% of patients [9].
The purpose of our study is to determine best surgical
treatment given our experience.

Materials and methods

This is a retrospective review of data from our electronic
medical record for patients with gastroparesis treated at
Ochsner Clinic between 2010 and 2016. This study
includes 58 patients (47 female, 11 male) with a mean age
of 48 (range 20-73). Of the 58 patients included in the
study, 29 had gastroparesis due to diabetes, 25 had idio-
pathic gastroparesis, and 5 had post-surgical gastroparesis.
There was no significant difference between the four
treatment groups for BMI or baseline symptom scores.
(Table 1) Patients underwent pyloroplasty only, insertion
of a gastric stimulator only, both pyloroplasty and gastric
stimulator, or sleeve gastrectomy. No patients underwent
both pyloroplasty and gastric stimulator placement at the
same time. A second procedure was only performed if there
was poor resolution of symptoms with the first procedure.
The mean length of follow-up ranged from 6 weeks to
80 months with an average length of follow-up of
17 months. All patients underwent a pre-operative gastric
emptying study showing gastroparesis, esophagogastro-
duodenoscopy (EGD), and either CT or upper GI with
small bowel follow-through.
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Every patient filled out pre-operative symptom sheets,
and post-operative symptom sheets were given at every
follow-up appointment. Patients were called and a verbal
symptom sheet was performed to improve the length of
follow-up. The symptom sheet assesses frequency and
severity of vomiting, nausea, early satiety, bloating, post-
prandial fullness, epigastric pain, and epigastric burning.
Each symptom was given a score of 0—4. For severity, the
scores are (O—absent, 1—mild (not influencing normal
activities), 2—moderate (diverting from, but not urging
modification of, usual activities), 3—severe (influencing
usual activities severely enough to urge modification), and
4—extremely severe (requiring bed rest). For frequency,
the scores are O—absent, 1—rare (1 time/week), 2—oc-
casional (2—4 times/week), 3—frequent (57 times/week),
and 4—extremely frequent (>7 times/week).

The main determinant for which operation was per-
formed first was patient preference. Some patients were
concerned about having a battery implanted with the
gastric stimulator and elected to undergo pyloroplasty.
Pyloroplasty was performed as a Heineke-Mikulicz
pyloroplasty in which the pylorus was divided trans-
versely using cautery and then sewn shut horizontally.
Endoscopy was performed selectively following the
pyloroplasty to assess for air leaks. If patients had post-
operative symptoms of leak they underwent barium
swallow or CT. This was performed either laparoscopi-
cally (n = 2), robotic-assisted laparoscopic (n = 15), or
open (n = 3). For placement of the gastric stimulator, a
distance of 10 cm was measured from the pylorus on the
greater curvature of the stomach. Two neurogastric
stimulator leads were placed 1 cm apart parallel to each
other. Endoscopy was performed to make sure that the
leads were not transmural; after this was verified the leads
were sutured in place. The neurostimulator was placed in
a subcutaneous pocket in the abdominal wall and sutured
in place and turned on to basic levels. Gastric stimulator
placement was performed either laparoscopically
(n = 17) or open (n = 19). Sleeve gastrectomy was per-
formed laparoscopically (1) or open (1).

We compared pre-operative scores for each symptom to
the symptom score sheet from the longest length of follow-
up for each patient. For those who were in the combination
group, the comparison was made between the symptom
sheet filled out pre-operatively for the second procedure
and post-operatively to see any additional benefit separate
from the first operation. The improvement in symptom
score from baseline to follow-up was assessed using a
paired sample, student’s r-test. Baseline symptom scores
and BMI were analyzed using ANOVA or Kruskal-Wallis
Test for data that was not normally distributed. A p value of
<0.05 was considered statistically significant.
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Table 1 Baseline demographics: baseline BMI compared using one-way ANOVA

Variable All Stimulator Pyloroplasty Gastrectomy Combined p value

n 58 33 7 2 16

Sex (male/female) 11/47 9124 0/7 0/2 2/14

Age, mean (range) 48 (20-73) 47 (20-72) 52 (37-72) 36 (29-42) 56 (26-73)

Type
Diabetic 29 15 3 0 10
Idiopathic 24 16 3 1 5
Post-surgical 5 2 1 1 1

BMI (mean) 29.2 28.1 31.2 26.4 31.1 0.417

Pre-op symptom scores
Vomiting severity 2.7 2.7 29 3.6 2.4 0.368
Vomiting frequency 2.5 2.5 2.0 4.0 2.5 0.155
Nausea severity 34 34 34 35 34 0.978
Nausea frequency 3.6 3.6 3.6 4.0 35 0.723
Early satiety severity 2.9 2.9 3.1 35 29 0.779
Early satiety frequency 32 32 34 4 29 0.290
Bloating severity 2.9 2.8 3.1 3 3.1 0.722
Bloating frequency 3.1 2.8 34 3.5 3.5 0.281
Postprandial fullness severity 2.9 2.7 2.9 3.5 32 0.733
Postprandial fullness frequency 3.0 29 29 4.0 32 0.606
Epigastric pain severity 3.1 3.0 32 3.8 3.1 0.861
Epigastric pain frequency 3.0 2.8 32 3.0 2.6 0.458
Epigastric burning severity 2.6 2.5 2.7 3.0 2.6 0.981
Epigastric burning frequency 2.6 2.6 23 35 2.6 0.539

Symptom scores compared using non-parametric Kruskal-Wallis test due to lack of normal distribution

Results

There were 58 patients with completed pre-operative
symptom sheets who could be included in the study. Of
these, 33 had a gastric stimulator placed as their first or
only procedure, 3 had a gastric stimulator placed as their
second procedure, 7 had pyloroplasty as their first or only
procedure, and 13 had pyloroplasty as their second proce-
dure, and 2 underwent a sleeve gastrectomy. The combined
group includes the 3 patients who had a gastric stimulator
placed as their second procedure and the 13 patients who
had a pyloroplasty as their second procedure.

The length of follow-up ranged from 6 weeks to
80 months with an average length of follow-up of
17 months. For the gastric stimulator only group (n = 33),
there was statistically significant improvement in symptom
severity and frequency for all symptoms (p < 0.05) except
for frequency of bloating and postprandial fullness
(p = 0.451 and p = 0.092, respectively). For the pyloro-
plasty only group (n = 7), there was statistically significant
improvement in severity of vomiting (p = 0.007), severity
and frequency of nausea (p = 0.038 and p = 0.015,

respectively), and frequency of early satiety (p = 0.045);
all other symptoms were not significantly improved. For
the combined group (n = 16), symptom improvement was
measured from after the first operation to post-operatively
for the second operation to assess for additional improve-
ment in symptoms. Of the 16 patients in this group, 13 had
a pyloroplasty as their second operation and 3 had a gastric
stimulator placed. There was statistically significant
improvement in all symptoms except for severity of vom-
iting (p = 0.117), frequency of early satiety (p = 0.869),
postprandial fullness (p = 0.758), and epigastric pain
(p = 0.348) (Table 2). For the sleeve gastrectomy group,
meaningful statistical analysis was unable to be performed
due to the small sample size of two patients.

The average post-operative length of stay for the gastric
stimulator only group was 2 days (£1.6); for the pyloro-
plasty only group the average length of stay was 2 days
(£0.9), and for the combination group the average length
of stay after the second operation was 5 days (£5).

There was no mortality during our follow-up. 30-day
complications for the gastric stimulator only group were
hematoma formation (1), pain at the stimulator site (2) with
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Table 2 Symptom score

Stimulator

Pyloroplasty

Combined

. . Symptom

improvement pre-operatively

compared to post-operatively Severity

for frequency and severity o
Vomiting
Nausea

Early satiety

Bloating

Postprandial fullness

Epigastric pain

Epigastric burning
Frequency

Vomiting

Nausea

Early satiety

Bloating

Postprandial fullness

Epigastric pain

Epigastric burning

1.26 £ 1.5 (p < 0.0001)*
1.14 £ 1.15 (p < 0.0001)*

1 £ 1.38 (p 0.0002)*
0.53 & 1.39 (p 0.041)*
091 & 1.79 (p 0.006)*
1.13 & 1.48 (p 0.0002)*
0.9 + 1.78 (p 0.010)*

1.10 + 1.7 (p 0.001)*
0.82 £ 1.48 (p 0.004)*
0.74 £ 1.61 (p 0.016)*
0.23 £ 1.65 (p 0.451)

0.60 £ 1.91 (p 0.092)

0.91 £ 1.53 (p 0.002)*
0.92 + 2.02 (p 0.015)*

175 £ 0.9 (p 0.007)*
1 £ 1 (p 0.038)*
0.64 £ 1.31 (p 0.243)
0.36 £ 0.63 (p 0.182)
0.21 £ 1.20 (p 0.786)

0.67 £ 1.37 (0.286)
1.14 £ 1.68 (p 0.121)

0.57 £ 1 (p 0.280)
1.14 £ 0.90 (p 0.015)*
0.86 £ 0.90 (p 0.045)*
0.79 £ 0.99 (p 0.082)
0+ 2.08 (p 1.0)
0.5 + 1.38 (p 0.415)
0.43 £ 1.72 (p 0.534)

0.59 £ 1.42 (p 0.117)
1.28 £ 1.21 (p 0.001)*
0.91 £ 1.0 (p 0.003)*
1.38 £ 1.26 (p 0.001)*
1.31 £ 1.08 (p 0.0002)*
1.03 £ 1.09 (p 0.002)*
1.28 £ 1.39 (p 0.002)*

0.90 £ 0.70 (p 0.030)*
0.70 & 1.16 (p 0.035)*
0.07 & 1.53 (p 0.869)
1.0 & 1.65 (p 0.034)*
0.13 £ 1.64 (p 0.758)
0.40 £ 1.72 (p 0.348)
1.20 £ 1.47 (p 0.007)*

Length of follow-up 6 weeks to 80 months with an average length of follow-up of 17 months. Reported as
mean improvement in score =+ standard deviation

* p value <0.05 considered significant

one patient having their stimulator removed a year after
original placement, wound dehiscence (1), and post-oper-
ative DKA (1). Complications for patients who underwent
gastric stimulator placement as their second operation were
pain at the stimulator site (1) and superficial wound
infection (1). There were no 30-day complications for the
pyloroplasty group.

Discussion

The main surgical treatment options for gastroparesis
include gastric stimulation, pyloroplasty, and subtotal
gastrectomy. Gastrointestinal pacing through the use of
intraluminal electrical stimulation has been performed
since the early 1960s [10]. The device used today for
treatment of gastroparesis, known as Enterra Therapy
(Medtronic, Inc, Minneapolis, MN), was FDA approved in
2000 as a humanitarian device of exemption for gastro-
paresis refractory to medical management [11]. In 2003,
the first double-blind cross-over trial was performed
investigating the efficacy of gastric stimulation using
Enterra Therapy. The results of this trial were promising,
showing significant improvement in vomiting frequency
and patient preference for the device being turned ‘on’
[12]. In this trial, weekly vomiting frequency decreased by
>50% in 70-80% of patients [12].

Surgical pyloroplasty has been used for decades as a
procedure to assist with gastric drainage in patients with
obstruction, particularly from ulcer disease. More recently,
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it has been used for gastroparesis without stricture. This is
based on the principle that increased pyloric tone slows
gastric emptying and pyloric disruption improves forward
flow. In a study of 28 patients, pyloroplasty has been shown
to normalize GET in 71% with significant improvement in
nausea, vomiting, bloating, and abdominal pain 3 months
after pyloroplasty [8]. Additionally, in a recent large study
of 177 patients, laparoscopic pyloroplasty alone was shown
to improve gastric emptying time (GET) in 86% of patients
[13].

Gastrectomy is traditionally reserved for patients with
refractory post-surgical gastroparesis [14]. In a study of 62
patients with refractory post-surgical gastroparesis, subto-
tal or completion gastrectomy provided symptomatic
improvement in 67% of patients [9]. Recently, there has
been interest in sleeve gastrectomy for treatment of gas-
troparesis after increased gastric empting was observed in
bariatric patients treated with sleeve gastrectomy [14]. To
date, there have only been two small case series reporting
sleeve gastrectomy results for gastroparesis. One series of
four patients with diabetic gastroparesis reported resolution
of nausea and vomiting for three of the patients [15]. The
other study was a case series of nine patients who all
reported subjective symptomatic improvement [16].

The mechanism of action through which the gastric
stimulator improves symptoms is not well understood. It is
unlikely that symptom improvement is through normal-
ization of gastric emptying rate. In a study of 63 patients
treated with gastric stimulation, only 22% of patients were
shown to have a normal GET at 1 year. Overall, there was
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a 10% reduction in mean gastric retention at 2 h and a 7%
reduction at 4 h. Similar symptom improvement was seen
between those who had normalized GET and those who
remained with delayed GET at 1 year [17]. Although there
is no improvement in gastric slow wave or GET, stimula-
tion with high frequency gastric stimulation has been
shown to enhance slow wave amplitude and propagation
velocity which improves nausea and vomiting [18]. Gastric
stimulation has also been shown to increase the gastric
maximal tolerable volume and symptom improvement may
be due to modification of gastric sensation to distension
[19].

While gastric stimulation alone does not normalize
GET, addition of pyloroplasty has been shown to improve
GET by 64% compared to the 7% improvement with
gastric stimulator alone in a study of 49 patients with
gastroparesis. There was also a significant improvement in
symptoms, 71% improvement in total symptoms, with
combined gastric stimulator and pyloroplasty without an
increase in adverse events [20]. Historically pyloroplasty
and gastric stimulator placement have not been performed
at the same time over concerns for contamination of the
stimulator leads at the time of surgery due to the entry into
the stomach while performing the pyloroplasty. There have
been reports of contaminated gastric stimulator leads being
linked to delayed stimulator pocket infections [21]. How-
ever, a prospective study of 27 patients who underwent
simultaneous gastric stimulator and pyloroplasty showed
no increase in wound infection rate [22]. Although no
increased infection rate was seen in this study, the sample
size was small and there was no randomization or blinding.

Our study investigates the long-term efficacy of gastric
stimulation, pyloroplasty, and combined gastric stimulation
with pyloroplasty for the treatment of refractory gastro-
paresis. The gastric stimulator only group demonstrated the
greatest symptomatic relief, with significant improvement
in 12/14 symptoms. The only symptoms without significant
improvement were frequency of bloating and frequency of
postprandial fullness. In the 2003 double blind trial by
Abell et al. assessing efficacy of gastric stimulation had
similar findings. Abell et al. found significant improvement
in severity of vomiting, nausea, early satiety, bloating, and
epigastric pain at 6 or 12 months [12].

In our study, pyloroplasty alone demonstrated the least
amount of improvement with symptom improvement in
4/12 categories. The four symptoms with significant
improvement were severity of vomiting, severity and fre-
quency of nausea, and frequency of early satiety. Other
studies assessing the efficacy of pyloroplasty not only have
found similar improvement in nausea and vomiting as seen
in our study, but they have also found improvements in
severity of bloating and abdominal pain that we did not
[8, 13].

Combining both gastric stimulator and pyloroplasty
demonstrated an additional symptomatic improvement in
those patients who did not have adequate relief from the
initial procedure. Our combined group demonstrated great
symptomatic improvement with the majority of symptoms
significantly improved (10/14). The four symptoms that
were not significantly improved were severity of vomiting,
frequency of early satiety, postprandial fullness, and epi-
gastric pain. The significant improvement in symptom
severity seen in our combined group is similar to the results
of the recent prospective study of combined gastric stim-
ulator and pyloroplasty operations by Davis et al. In this
study, they showed significant improvement in severity of
6/7 symptoms: nausea, vomiting, early satiety, bloating,
post-prandial fullness, and epigastric pain. In Davis et al.,
gastric stimulator and pyloroplasty were performed at the
same time [22]. In the Davis et al. study, the entire popu-
lation underwent simultaneous pyloroplasty and gastric
simulator placement; therefore, they were not able to make
any comparison to a control group. In our study, we were
able to compare the combination group to each indepen-
dent operation for symptom improvement. Additionally,
since our operations were performed at separate times, we
were able to assess for an additional improvement in
symptoms with the addition of the second operation. This
significant improvement we saw in 10/14 symptoms was
not from baseline but is subsequent improvement from
patient symptom scores after their first operation.

In our practice, gastrectomy is reserved as a last resort
and only two patients underwent this procedure so we are
unable to draw any conclusions regarding gastrectomy. The
largest series assessing the efficacy of subtotal or com-
pletion gastrectomy was performed by Forstner-Barthell
et al and includes 62 patients. They demonstrated signifi-
cant reduction in nausea, vomiting, and postprandial pain
[9].

Using the results of this project, we suggest gastric
stimulator as initial treatment to patients unless there is a
contraindication. Some patients have an aversion to the
foreign body or difficulty with return for stimulator
adjustments and in that case would perform pyloroplasty.
Since some patients do not get significant improvement
with initial treatment, we would go on to add pyloroplasty
or stimulator but further work needs to be done on the best
timing for this. We do not know how to assess when a
patient should undergo the next procedure based on inad-
equate symptom improvement. In addition, further work
needs to be done on simultaneous stimulator and pyloro-
plasty prior to suggesting such an approach.

One of the major limitations of this study includes the
study design being retrospective chart review rather than a
prospective randomized controlled trial. Additionally, the
sample size for patients with a pyloroplasty alone was
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small with a sample size of seven. We are planning on
continuing to collect patient data and hope to have a larger
sample size for each group to analyze in the future.

Advances in the treatment of gastroparesis could benefit
from a larger study of simultaneous pyloroplasty and gas-
tric stimulator placement in those patients with refractory
gastroparesis.
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